INTRODUCTION
One of the most important aims behind the functioning of a rail transport company in market conditions is to multiply its value by maximising the benefits generated from the transport services it provides. Transport activities involve the allocation of financial resources to the implementation of capital projects in order to, inter alia, obtain and maintain means of transport, develop the human resources, organise the technical facilities, construct railway sidings, reloading terminals, gauge change points, warehouses, storage yards and other.
ROLLING STOCK CAPITAL PROJECTS IN RAILWAY TRANSPORT
The writings on the subject provide many different definitions of the term "capital project". They depend on the nature of the activities which are defined as well as the scope of the elements included therein. According to the Lexicon published by the Polish Scientific Publishers (PWN), a capital project means economic outlays the aim of which is to introduce new or develop the existing assets [1] . More general definitions say that a capital project means the involvement of capital outlays in a business project to generate specific effects. In the paper [2] , the capital project is defined as any business event burdened with a certain risk in which economic resources are engaged for a specific time in order to generate the intended effects.
From the viewpoint of the impact of capital projects on the potential of transport activities of a railway company, we deal with socalled tangible projects which consist in the acquisition or exchange of its tangible assets and means of transport (railway stock) and equipment and buildings for their maintenance in particular. It can be said that rolling stock capital projects are characterised by: -the need to make considerable financial outlays, -a long period of operation (long-term projects), -high proportion of modernisation projects (extension and modernisation of vehicles in operation), -decisions on capital projects taken by individual railway companies, and -a considerable impact on the surroundings, the natural environment in particular. These factors have a significant influence on the choice of appropriate methods for the assessment of the projects' effectiveness.
Means of railway transport are characterised by a long period of operation, in excess of 30 years. Accordingly, it is necessary to forecast a complex set of variables including such economic figures as outlays, costs and benefits over very long periods of time. A long period of operation determines a relatively long economic life cycle of rolling stock capital projects and has an effect on: -the determination of the length of the calculation period which should comprise the whole project's economic life cycle, -the need to estimate the cash flows over 20 ÷ 35 years (depending in the vehicle type), -the need to include in the calculation the value of money changing in time, and -the need to take account of the risk involved in the uncertainty of long-term forecasts.
METHODS OF ASSESSING EFFECTIVENESS
The assessment of effectiveness of capital projects relating to means of railway transport is in the nature of a relative, microeconomic calculation -done from the viewpoint of a railway company (railway carrier, manufacturer, modernisation contractor) which makes specific capital outlays to purchase or modernise its rolling stock, the costs of operation and the benefits from the transport services it provides. A reliable assessment of effectiveness requires a comparison of several alternatives for capital projects which correspond to specific technical solutions [3] . The choice of the methods of examining the effectiveness of capital projects developed to date and applied in practice depends on the individual project's characteristics [2] . Based on the experience acquired in the performance of research and development work for Polish railway carriers, [4] for example, the following methods can be applied to assess the effectiveness of rolling stock projects: -Cost-Benefit Analysis, -Life Cycle Cost Analysis.
These are methods recommended in international standards, including the UIC 345 Environmental specifications for new rolling stock, the standard PN-EN 60300-3-3:2017 Reliability management. Part 3-3: Guidance on applications -Estimation of the life cycle cost, recommended by the World Bank and the United Nations Industrial Development Organisation (UNIDO).
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Ratios used in the Cost-Benefit Analysis
The assessment of effectiveness with the use of the Cost-Benefit Analysis represents the economic approach thereto. It has a rich theoretical background and offers a number of practical solutions. The theoretical description of the Cost-Benefit Analysis can be found in the extensive writings on the subject, including the papers [2, 5, 6, 7, 8] . As part of the Cost-Benefit Analysis for a capital project, calculations are made in which, by means of appropriate mathematical algorithms, the benefits, measured and expressed in figures in pecuniary units, relating to the capital project, are confronted with the capital outlays necessary for creating the project and the future costs of its operation. The benefits, capital outlays and the costs of operation are the basic elements of the Cost-Benefit Analysis and require to be calculated in the particular years of carrying out the project.
The basic ratios used in the function of criterion of the choice of options in the Cost-Benefit Analysis and which are highly useful in the decision-making process of railway carriers, include: -Payback Period (PP) and the Discounted Payback Period (PP'),
Payback period
The Payback Period (PP) is understood as the time after which the initial outlays to implement the project are set-off by the benefits generated from the project which has been implemented. The condition for the occurrence of the Payback Period can be presented in short as [2] :
where: NI -capital outlays which have been made, ND -annual financial surpluses from project implementation, t = 0,1,2,...,n -year in the calculation period.
Like other so-called simple methods, the Payback Period does not comprise the entire project existence period and does not take account of the impact of the time factor. Its value is based on the use of the effects of several years. It enables the choice of an option intended to recover, as soon as possible, the initial outlays on the purchase or modernisation of means of rail transport, thus setting the horizon of the risk of committing capital to the project. An individual project can be carried out if its rate of return is shorter than, or equal to the period adopted by the carrier as permissible, and usually based on the experience with similar projects. A modified method of calculating the Payback Period consists in taking into account the changes in the value of money in time owing to the introduction of the discount rate into the calculations. The basis for determining the Discounted Payback Period is then not the nominal value of future benefits but their net present values.
Net Present Value
The Net Present Value (NPV) depends on the discount methods which, unlike simple assessment methods, take account of the spread over time of the expected benefits and costs involved in the project. This purpose is served by the discount technique which enables the comparability of the outlays and the effects realised over different periods of time. Determination of their present value is the basis for further conclusions. Discount methods make it possible to comprise in the assessment the entire life cycle of the project that is both the capital outlay phase and the operating one when the generation of effects is envisaged. This favours the accuracy of the assessment but involves the necessity to do thorough studies of the estimation of the calculation elements throughout the calculation period.
The NPV is the total of the differences between the inflows (benefits) and expenses (capital outlays and costs) set separately for each year of the calculation period, discounted as of the moment of the capital project's start. If the capital outlays are made in their entirety in year one t = 0, then the ratio is calculated from the formula [2] :
where: Bt -total benefits in the year t, Ct -total costs in the year t, N -capital outlays, COt -discount ratio for the successive years of the calculation period (relevant for the interest rate which has been adopted), t = 0, 1, 2, ..., n -successive year of the calculation period.
The NPV defines the scale of the benefits which may be generated by the capital project, expressed in the current value of money (as of the moment when the assessment is made). The Net Present Value method enables the development of an objective decisionmaking criterion used in the absolute assessment of the effectiveness of capital projects in railway transport. This criterion requires that NPV > 0 which means that the project concerned may be approved because it is profitable [9] .
Internal Rate of Return
The Internal Rate of Return (IRR) is defined as the discount rate at which the net cash expenses are set off by the net cash inflow. It is also referred to as a discount rate at which the net value is zero. Its essence may be expressed by means of the following formula [9] :
where: CFOt -financial expenses in the year t, CFIt -financial inflows in the year t.
The Internal Rate of Return method enables the development of an absolute and a relative criteria necessary for making decisions on capital projects. The absolute assessment consists in comparing the internal rate of return igr expressing an alternative engagement of capital in capital projects with a similar risk profile. It may also reflect the cost of the capital which has been engaged. The general form of the absolute decision-making criterion can be formulated as follows: IRR > igr which means that the capital project is profitable, returns the capital outlays and contributes benefits equal to the rate of return expected by the investors [9] .
Benefit-Cost Ratio
The benefit-cost index also referred to as the B/C Ratio is the quotient of discounted benefits from the calculation period and discounted total project costs. It is calculated from the formula [9] :
where:
CFOt -financial expenses in the year t, CFIt -financial inflows in the year t, r -discount rate.
A ratio higher than one demonstrates that the project is effective and should be accepted. In the relative assessment, the basis for the selection of the most efficient project is to maximise the ratio. A project with a B/C Ratio which is the highest is deemed to be most advantageous.
The Cost-Benefit Analysis which presents an economic approach to the assessment of effectiveness of rolling stock projects, has major limitations and does not take full account of one of the most important characteristics of means of railway transport which is reliability referred to as the RAMS (Reliability, Availability, Maintainability, Safety). The above limitations may be eliminated by the other of the methods -the Life Cycle Cost (LCC) Analysis presenting an engineering approach to the assessment of effectiveness.
Life Cycle Cost Analysis
The LCC are the total costs comprising the full life cycle of a vehicle from concept to write-off. The LCC may be divided into three components: costs of purchase, possession and write-off. = + + (5) where: KN -costs of purchase, KP -costs of possession, KL -costs of write-off.
Based on the methods for performing the LCC Analysis proposed in the writings, a universal procedure can be proposed to assess the effectiveness of means of railway transport. Such procedure comprises six stages and is described in Fig 1. In the proposed method, Stage 1 means the development of assumptions, preparation of input data and identification of the aims to be provided by the analysis. The output data relate to: -identification of the vehicle's construction data, Fig. 1 . LCC analysis and RAMS algorithm for rail transport vehicles [12] I Efektywność transportu 6/2018 AUTOBUSY 955 -estimation of the vehicle's durability, -identification of the conditions, duration and intensity of the vehicle's operation (diesel engine's operation time, transport work done during the year, etc.), -requirements following from the vehicle's maintenance records (time to preventive maintenance, expected maintenance duration, etc.). Examples of the aims of the LCC analysis include: -comparative assessment of the total costs or the costs generated at the stage of vehicle's operation, -identification of prevailing costs, -identification of the cost elements and parameters which have the greatest influence on the LCC. Stage 2 involves the conduct of the vehicle's reliability analysis, defined in the writings as the RAM (reliability, availability, maintainability) analysis. As required by the standard PN-EN 60300-3-3, a reliability assessment of a technical object should be an integral part of the process of LCC calculation. Ratios enabling a quantitative description of reliability, as well as methods of performing reliability examinations can be found in the extensive writings on the field, e.g.: [10, 11] .
The choice of reliability ratios depends on the degree of detail and aim of the analysis. Examples of ratios applied to means of railway transport to: -renewal function H(t), -intensity of failures z(t), -mean time to failure MTTF, -mean time between failures MTBF, -technical availability A, -mean time to repair MTR, -mean time to renewal MTTR.
A vehicle's reliability, comprising such characteristics as dependability, durability, maintainability and technical availability, is the basis for developing the cost model.
As demonstrated by the analyses, the reliability characteristics have the greatest influence on the costs of operation and maintenance. In most studies on this issue, the losses caused by the unreliability of a vehicle are treated as a figure which is determined and defined by the costs of stoppage and the costs of repairs, if any. In actual fact, losses are also generated which link to the direct effect of unavailability, resulting, for instance, from the loss of benefits produced during the period of the vehicle's availability, the costs involved in the loss of reputation and prestige or the loss of customers. The interdependencies between reliability, costs and economic effects of a rail vehicle are not easy to identify. However, once identified, they enable a comparison of the effectiveness of objects with different reliabilities. It is one of the advantages of the LCC Analysis compared with the traditional economic methods for the assessment of effectiveness.
Like any other model, the LCC model developed during Stage 3 is a simplified presentation of the reality. It identifies the vehicle's characteristics and aspects, transforms them into figures relating to costs. In order to make the model realistic, it is recommended to reflect the characteristics of the vehicle under analysis, including the expected scenarios of use, concepts of operation and all other assumptions defined at Stages 1 and 2. The model should be simple enough to be easy to understand and enable its future use, updates and modifications. It should be designed in such a way as to enable an assessment of the specific LCC elements independently of other ones. The development of the cost model includes: -the cost division structure, -the vehicle division structure, -an estimate of the cost elements and parameters.
One of the most important tasks in LCC modelling is to define the cost division structure which consists in decomposing the cost categories at the highest level: costs of purchase, possession and write-off into the component costs. In accordance with the standard PN-EN 60300-3-3:2017-07, each cost category should be divided until the lowest level, i.e. the so-called cost element is reached [13, 14] . The cost element is a figure which cannot be expressed as the total of other costs. It is defined by means of mathematical formulae containing functions, constant values and parameters, e.g.: intensity of failures, man-hour cost of periodical repairs and maintenance, labour intensity of technical operations, discount rate and other. One of the approaches to defining the required cost elements consists in separating the lower identification levels relating to the division of the vehicle's structure, cost categories and durability cycle phases. The advantage of such an approach is that it is systematised and organised, thus providing a high level of confidentiality that all cost elements of great importance in the LCC model have been taken account of. The concept of defining the cost elements in a multi-dimensional matrix was proposed in one of the programmes of US' Department of Defence, Integrated Logistics Support (Directive DOD 4100.35 1968) and in the standard PN-EN 60300-3-3:2017-07.
During Stage 4, the LCC model analysis is about: -calculating all cost elements incorporated in the model, -identifying the costs which dominate in the LCC.
Additionally, at this stage, it is proposed to perform a sensitivity analysis in order to examine the influence of changes in the parameters and elements of the cost on the LCC. It should include in the first place the dominating costs and the reliability parameters, e.g.: the mean number of failures, duration of technical maintenance, etc.
Stage 5 in the proposed procedure is a review and presentation of the results. The review intended to confirm the correctness of the results and conclusions includes: -aim and scope of the analysis: whether they have been correctly formulated and interpreted, -assumptions made during the process of analysis: to make sure they are reasonable, -model: making sure that it suits the aim of the analysis and that all necessary cost elements are included. Where errors are found in the model, it is necessary to rectify and supplement the preliminary concept. A presentation of the results should contain a clear specification of the results obtained from the calculation.
During Stage 6, the model and the analysis itself are verified. The verification is possible only on the basis of the vehicle's actual operation within a specific time range during which operational data are collected on: -vehicle's reliability and durability, -duration of current repairs and preventive maintenance, -labour intensity and consumption of materials in current repairs and preventive maintenance, -consumption of power or fuel, -use of consumables and other.
The assessment of the correctness and accuracy of the calculations of the costs defined in the LCC model is based on the operational data. This forms the basis for any claims against and contractual penalties from the vehicle's supplier.
CONCLUSIONS
The characteristics of the ratios used in the assessment of effectiveness of capital projects in rolling stock in rail transport presented in this paper is synthetic in its nature. In practice, the methodology of assessment of effectiveness is more complex which is confirmed in the writings on the subject. The methods presented in the paper: Cost-Benefit Analysis and Life Cycle Cost Analysis complement each other, e.g.: the LCC analysis makes it possible to find optimum relations between the costs of purchase and operation of a rail vehicle whilst the Cost-Benefit Analysis offers the possibility to identify the outlay limits and safety margins for the particular purchase option. As a tool serving the purpose of assessing alternative solutions, the LCC is, in many countries, an instrument legally required to carry out new projects, open competitive tenders to provide service or construct technical facilities -usually with considerable opening value and long durability. These include means of rail transport.
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